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性原理方法对聚阴离子型正硅酸盐化合物 Li2MSiO4（M = Mn, Fe, Co）体系的结
构，电子结构以及电化学性能进行了系统的研究。 
 第一部分，利用 GGA+U 方法对 Li2FeSiO4 的晶体结构、电子结构及电化学
性质进行了系统的研究。结果表明，Pmn21、P21/n 和 Pmnb 三种空间群的 Li2FeSiO4
同素异形体的结构差异主要体现在它们结构中 FeO4 四面体形变的不同，而这样
细致的结构差异会导致它们锂离子脱嵌电压的不同。Li2FeSiO4 在第一次充电结
束时会发生结构相变，该相变会导致其脱嵌电压平台降低 0.3 V 左右。重要的是，
相变得到的 Li2FeSiO4 结构存在一个稳定的脱锂相 Li0.5FeSiO4，这使得它能够完
成超过一个锂离子的可逆脱嵌，从而达到超过 200 mAh/g 的可逆容量。 
 第二部分，对 Li2CoSiO4 中 Li+离子的迁移以及 Na+离子的替位对 Li+离子迁
移的影响进行了研究。结果表明，Na+离子替位可以有效地提高 Li2CoSiO4 材料
中 Li+离子的迁移率。这主要是因为 Na+离子替位增大了 Li2CoSiO4 结构的平衡体
积，同时拓宽了结构中 Li+离子的扩散通道。 
 第三部分，对 Pn 相的 Li2MnSiO4、Na2MnSiO4 和 NaLiMnSiO4 体系中的离子
导电机理进行了研究。结果表明，Li2MnSiO4和 Na2MnSiO4 中的导电离子分别为































































Clean energy economics is one of the most important goals pursued by the 
human community in the 21 century. In this context, the exploration and application 
of Li-ion batteries have attracted more and more attentions. Polyanion-type 
compounds are the most promising cathode materials developed in the latest twenty 
years, as the high energy density, high stability and high safety rendered these 
materials into good candidates for the large-scale applications in Li-ion batteries. In 
this dissertation, we have performed a systematic investigation on the structural, 
electronic and electrochemical properties of orthosilicate compounds Li2MSiO4 (M = 
Mn, Fe, Co) based on the ab initio calculation method.  
In the first part of the dissertation, by using GGA+U method, the structural, 
electronic and electrochemical properties of Li2FeSiO4 are investigated. The 
calculated results show that the structural differences of the three polymorphs of 
Li2FeSiO4, with space groups of Pmn21, P21/n and Pmnb, are in the distortions of 
FeO4 tetrahedrons in their structural frameworks. These structural differences lead to 
different lithium deintercalation/intercalation voltages of the three polymorphs. 
Moreover, there is a structural transformation of Li2FeSiO4 during the first charge 
process, which leads to a voltage drop of ca. 0.3 V. More importantly, the cycled 
Li2FeSiO4 polymorph has a stable delithiated phase of Li0.5FeSiO4, which can be used 
to explain the reversible cycling of more than one Li+ ions per formula unit, and then 
the high reversible capacity of over 200 mAh/g observed experimentally.  
In the second part of the dissertation, the Li+ ion migration and the effect of Na+ 
substitution on Li+ on the ion migrations in Li2CoSiO4 are investigated. Our results 
show that the substitution of Na+ has a positive effect on the diffusion of Li+ ions. 
This can be attributed to the fact that the Na+ substitution can expand the volume of 
Li2CoSiO4 and thus widen the diffusion channels of Li+ ions.  
In the third part of the dissertation, the mechanisms of the ionic conductivity of 
Li2MnSiO4, LiNaMnSiO4 and Na2MnSiO4 with space group Pn are investigated. Our 
results show that the ionic conductivities in Li2MnSiO4 and Na2MnSiO4 are 
contributed by the mobility of Li+ and Na+ ions, respectively. While in LiNaMnSiO4, 
both Li+ and Na+ ions are mobile and the ionic conduction can be contributed by a 
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Li2MnSiO4 to LiNaMnSiO4 and then to Na2MnSiO4, as the content of Na+ ions 
increases.  
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